In this paper, we aim at the study of the contagion of the global financial crisis (2007)(2008)(2009) 
world during the crisis period demonstrated the financial contagion of recent global financial crisis. Notwithstanding the financial crisis firstly hit stock markets in the United States and other developed markets, it soon spread around the world to hit stock markets in emerging countries. Current studies on contagion offer many methods for measuring the propagation of international shocks across countries. Some of the more widely used processes include the cross-market correlation coefficient procedures (e.g., King and Wadhwani 1990) , analysis with a cointegration relationship between markets (e.g., Longin and Solnik 1995), probit-logit models (e.g., Eichengreen, Rose, and Wyplosz 1996) , and autoregressive conditional heteroskedasticity (ARCH) or GARCH models (e.g., Hamao et al. 1990 ). Forbes and Rigobon (2002) survey other prevailing contagion procedures used to measure how shocks are transmitted on different equity markets in the world.
The initial empirical literature on financial contagion was the simple comparative analysis of Pearson' correlation coefficients between markets in calm and in crisis periods. Contagion was found when significant increases in correlations occurred in periods of crisis. King and Wadhwani (1990) , and Lee and Kim (1993) employed the correlation coefficient between stock returns to test for the impact of the U.S. stock crash in 1987 on the equity markets of several countries. Empirical findings show that the correlation coefficients between several markets significantly increased during the crash. Hamao and al. (1990) In fact, DCC-GARCH model of Engle (2002) has been extensively used in the contagion literature, mainly because of its intuitive interpretation property and the fact that it involves a simpler estimation procedure than the VEC models described in Engle and Kroner (1995) . In addition, it does not suffer from the simplistic assumption of constant correlation as is does the CCC-GARCH. Finally, being part of the GARCH family of models gives the DCC-GARCH the flexibility to be combined with any univariate GARCH model to capture asymmetric or long memory effects. On the other hand, the restrictive assumption of constant correlations (CCC) is employed to whether will be rejected by the data.
The rest of the paper is organized as follows. Section 2 describes the data used and provides the different used econometric tools. Section 3 is devoted to our empirical findings including their analysis and discussion.
Finally, Section 4 provides conclusion.
Data and Methodology
In this section, we firstly present the description of the different data used in our analysis. Secondly, we present the econometric tools we use to develop our empirical analysis. We define shift contagion as a significant increase in correlations between stock returns during financial crisis period. Then, time-varying correlation coefficients are estimated by the Dynamic Conditional Correlation (DCC) Multivariate GARCH model. We use also its restriction CCC-GARCH model to test whether the assumption of constant correlations will be rejected by the data. In order to recognize the contagion effects, we test whether the mean of the DCC-GARCH estimated conditional correlation coefficients in post-crisis period differs from that in the pre-crisis period. This paper considers the same break point due to the financial crisis estimated previously in El Ghini and Saidi (2013) based on the structural break tests of Bai-Perron (1998 and Lee-Strazicich (2003 , 2004 ).
Data and Descriptive Statistics
The Casablanca Stock Exchange (CSE), which achieves one of the best performances in the region of the Middle We compute the returns (Stock return, R it is measured as logarithmic difference of the price series, P it as follows: R it = 100 * ln(P it /P i(t−1) )) for each index. Then we proceeded the pretreatment of the data by filtering method to remove the whole linear structure from the returns, which were present in the first moment of the series. Panel 1 displayed in the Appendix shows the dynamics of all return series.
Following El Ghini and Saidi (2013), we use the date September 26, 2008 as break point of NASDAQ due to the subprime crisis. The break point due to the subprime crisis is estimated using Lee-Strazicich (2003 ,2004 and Bai-Perron (1998 structural break tests. In the following, we divide the overall sample data into test statistics for all return series are less than their critical values at the 1%.
Multivariate GARCH models
In conventional econometrics, the variance of the error terms is assumed to be constant (homoskedasticity) over However, some researchers are interested in quantifying the interactions between the volatility of N different financial time series. In this context, the multivariate GARCH models are utilized instead of univariate counterparts.
In this section, we present the econometric tools we use to develop our empirical analysis. We define shiftcontagion as a significant increase in correlations between stock returns during financial crisis period. Then, time-varying correlation coefficients are estimated by the Dynamic Conditional Correlation (DCC) Multivariate GARCH model. We use also its restriction CCC-GARCH model to test whether the assumption of constant correlations will be rejected by the data. In order to recognize the contagion effects, we test whether the mean of the DCC estimated conditional correlation coefficients in post-crisis period differs from that in the pre-crisis period.
DCC-GARCH model
In multivariate GARCH models, considering a stochastic vector series (X t ) with a dimension of (N × 1), the conditional mean of X t is an (N × 1) vector µ t and the conditional covariance of X t is an (N × N ) matrix
Engle (2002) and Tse and Tsui (2002) attempted to model both variances and conditional correlations of several series using the DCC-GARCH process. To measure the degree of comovement time-varying correlation coefficients, we apply DCC-GARCH model of Engle (2002) . The multivariate model is defined as follows:
where
such that X t = X 1t , X 2t , . . . , X N t is the vector of past observations, µ t = µ 1t , µ 2t , . . . , µ N t is the vector of conditional returns, t = 1t , 2t , . . . , N t is the vector of the standardized residuals, R t is a (N × N ) symmetric dynamic correlations matrix and D t is a diagonal matrix of standard deviations for each of the returns series, obtained from estimating a univariate GARCH process in Equation 1:
Q t is a N × N variance-covariance matrix of standardized residuals u t = t √ ht which defined as follows :
where Q = E(u t u t ) refers to (N × N ) symmetric positively-defined matrix of the unconditional variancecovariance of standardized residuals. θ 1 and θ 2 are the unknown parameters to be estimated. The sum of these coefficients must be less than one in order to insure positivity of the matrix Q t . Therefore, for a pair of markets i and j , their conditional correlation at time t can be written as :
where q ij is the element on the i th line and j th column of the matrix Q t .
The parameters are estimated using quasi-maximum likelihood method (QMLE) introduced by Bollerslev and Wooldridge (1992). This method permits to obtain, for each variable, the conditional variance and the conditional covariance. Under the Gaussian assumption, the likelihood function can be rewritten as:
CCC-GARCH model
The Constant Conditional Correlation multivariate GARCH model was introduced by Bollerslev in 1990 to primarily model the conditional covariance matrix indirectly by estimating the conditional correlation matrix.
The conditional correlation is assumed to be constant while the conditional variances are varying. Obviously, this assumption is impractical for real financial time series. Then certain modifications were made grounded on this form, see Silvennoinen and Teräsvirta (2009) for more details.
Empirical results
In this part, we test the contagion effects of the U.S. subprime crisis on the Moroccan market by examining the variation in the time-varying conditional correlation coefficients estimated by using bivariate DCC-GARCH model.
In the Appendix, Tables A2-A3 give Tables A.4 and A.5, where it was found that the ARCH and GARCH estimated coefficients in the pre-and post-crisis periods are also statistically significant at 1% level, are so in accordance with the DCC estimation results. In order to investigate the contagion effects, using DCC-GARCH model, from the foreign stock markets to the Moroccan stock market, we propose in the forthcoming subsection to test, using Forbes and Rigobon (2002) , the cross market contagion from the U.S., France, U.K. and Germany stock markets to Moroccan one. In the second, we present our discussion of the results.
Testing the contagion effect of the U.S. subprime crisis
The definition of the term contagion varies widely across the literature. Hence, the initial literature of this phenomenon has usually been divided as to whether transmission through real or financial channels constitutes contagion. The broad definition of the World Bank is : "Contagion is the cross-country transmission of shocks or the general cross-country spillover effects. Contagion can take place both during 'good' times and 'bad' times.
Then, contagion does not need to be related to crises. However, contagion has been emphasized during crisis times". During the past decades, there have been several empirical studies which seek to analyze the contagion and the cross-country economic comovement via real transmission channels or through a financial links or both.
By real sector channel, and as been identified by the theoretical and empirical literatures, shocks propagate through trade, foreign direct investment (FDI), policy coordination, country evaluation, and unexpected shocks in global economic. In addition, the correlated information, the correlated liquidity and the portfolio rebalancing are considered as the main channels of financial linkages through which cross-country shocks could affect an equity market (see Kodres and Pritsker, 1999 ).
In our paper we adopt the definition of contagion introduced by Forbes and Rigobon (2002) and we define the contagion as a significant increase in cross-market comovement after a shock occurred in one country. With respect to this definition, the condition for contagion is a significant increase in comovements as a result of a shock in one market. This implies, if two markets display a high degree of comovement during the stability period, even if they are highly correlated during a crisis, if this crisis-correlation shift is not significant it does not amount to contagion. In the absence of a significant correlation during the crisis-period, the term 'interdependence' is used to qualify the situation between the two markets.
Let X t and Y t be time series representing stock market returns following the relationship (cf. Forbes and Rigobon, 2002):
where α and β are constants, t represents the error terms. The correlation coefficient between X t and Y t is defined as :
Following Forbes and Rigobon (2002) , the correlation coefficient is adjusted by the transformation defined by:
such that
where δ denotes the change in high-period volatility against low-period volatility, σ h x and σ x the conditional variances of stochastic variable X t in the high-and low-period volatility respectively. For the purpose of the calculation of the adjusted correlation coefficient ρ * , we assume that the turmoil-period is considered as high volatility period and the stable period as the low volatility period. In our empirical analysis, the variable Y t represents Moroccan market returns data and X t the foreign market returns data for each considered pair of countries in the previously estimated DCC-GARCH models.
To evaluate if there is significant increase in the unadjusted and adjusted correlation coefficients during the crisis-period 1 , we use the hypothesis test :
where H 0 is the null hypothesis of no-contagion (N), H 1 is the alternative hypothesis for the presence of contagion (C), and ρ h and ρ l represent the correlation coefficients in high and low volatility periods. The hypotheses are tested using the Collins and Biekpe (2003) t-test statistic defined by:
which is distributed as t (α,n h +n l −4) , n l (n h ) indicates the number of observations during the low volatility (high) period. In Table 1 we report respectively the estimated unadjusted and adjusted correlation coefficients (ρ l ; ρ h ; ρ) for the pre-crisis (low volatility), post-crisis (high volatility) and full-period calculated using DCC bivariate-GARCH. The test statistics and results are reported on the right of table. According to the testing results, we find evidence of contagion from most of the countries except from Germany (see Table 1 ). Further, the tests with adjusted correlation coefficient give clear evidence of contagion from U.S., U.K. and France.
The fundamental linkages (trade integration and financial connectivity) between Morocco and France/U.K.
economies, and the effect of the collective behavior (herding and financial panics) after the occurrence of the last U.S. crisis can explain the shift-contagion under the DCC model. 
Conditional

Discussions
This section discusses the results obtained from the implementation of the DCC model outlined in the methodology. We present at first the empirical results obtained by country and we conclude by providing a brief comparison of results (see Tables 1, A2-A3) 
Morocco-U.K.:
The DCC-GARCH results indicate that the comovement of the Moroccan and the U.K.
markets was higher after the subprime crisis. This can be explained by the significant impact of the subprime crisis on the U.K. market, and the increasing integration of the Moroccan and the U.K. stock markets.
Morocco-Germany:
The DCC-GARCH results implies that there is no contagion from the German stock market to the Moroccan one. Thing to note about this result is that it can be related to fact that the financial contagion resulting from the U. Some promising issues to develop in our future research concern the assessment of integration degree of Moroccan financial market within International markets using the co-integration techniques. Other interesting perspectives concern the detecting of changing regime in the Moroccan stock index volatility using other extended GARCH models. 
